The first observation of two structures consistent with resonances in the final states Λ 0 b π − and Λ 0 b π + is reported using samples of pp collision data collected by the LHCb experiment at √ s = 7 and 8 TeV, corresponding to an integrated luminosity of 3 fb −1 . The ground states Σ ± b and Σ * ± b
baryons (uub and ddb), have been observed by the CDF collaboration [4, 5] and reported briefly in a previous LHCb paper [6] . Beyond these ground states, radially and orbitally excited states are expected at higher masses, but only a few excited baryons have been observed in the bottom sector [7] [8] [9] [10] . The search for and study of these states will cast light on the internal mechanisms governing the dynamics of the constituent quarks [11, 12] .
In this Letter, we report the observation of structures in both the Λ 0 b π + and Λ 0 b π − mass distributions (charge conjugation is implied throughout this article) using pp collision data collected by the LHCb experiment at √ s = 7 and 8 TeV, corresponding to an integrated luminosity of 3 fb −1 . We refer to these new states as Σ b (6097) ± in the rest of the Letter. We also measure precisely the masses and widths of the Σ ± b and Σ * ± b ground states. The LHCb detector [13, 14] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high-precision tracking system consisting of a siliconstrip vertex detector surrounding the pp interaction region [15] , a large-area silicon-strip detector located upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-strip detectors and straw drift tubes [16] placed downstream of the magnet. The tracking system provides a measurement of the momentum, p, of charged particles with a relative uncertainty that varies from 0.5% at low momentum to 1.0% at 200 GeV (natural units with c = = 1 are used throughout this Letter). The momentum scale is calibrated using samples of J/ψ → µ + µ − and B + → J/ψ K + decays collected concurrently with the data sample used for this analysis [17, 18] . The relative accuracy of this procedure is estimated to be 3 × 10 −4 using samples of other fully reconstructed b-hadron, K 0 S , and narrow Υ resonance decays. The minimum distance of a track to a primary vertex (PV), the impact parameter (IP), is measured with a resolution of (15 + 29/p T ) µm, where p T is the component of the momentum transverse to the beam, in GeV. Different types of charged hadrons are distinguished using information from two ring-imaging Cherenkov detectors [19] . The online event selection is performed by a trigger [20] which consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, which applies a full event reconstruction. The software trigger requires a two-, three-or four-track secondary vertex with significant displacement from all primary pp interaction vertices. A multivariate algorithm [21] is used for the identification of secondary vertices consistent with the decay of a b hadron. Simulated data samples are produced using the software packages described in Refs. [22] [23] [24] [25] [26] .
Samples of Λ − π + final state. All charged particles used to form the b-hadron candidates are required to have particle-identification information consistent with the appropriate mass hypothesis. Misreconstructed tracks are suppressed by the use of a neural network trained to discriminate between real and fake particles [27] . To suppress prompt background, all Λ PVs in the event, where χ 2 IP is the difference in χ 2 of the vertex fit of a given PV, when a particle is included or excluded from the fit. The reconstructed Λ + c vertex is required to have a good fit quality and to be significantly displaced from all PVs in the event. The reconstructed Λ + c mass must be within a mass window of ±25 MeV of its known value [28] . Pion candidates that have large χ [28] in order to improve the mass resolution [31] . The mass distribution of the selected Λ Fig. 1 . The mass spectrum is fitted with an asymmetric resolution function for the signal component [32] , plus a misreconstructed
− , an exponential function for the combinatorial background and an empirical function for partially reconstructed backgrounds as described in Ref. [32] . The resulting Λ 0 b signal yield is 234,270 ± 900. The Λ 0 b candidates contained in a ±50 MeV window around the peak maximum are then combined with a prompt pion, hereafter referred to as π [28] . Then the search is extended to higher masses up to Q = 600 MeV, observing an additional peak in both Λ and Σ b (6097) ± resonances are determined with extended unbinned maximum-likelihood fits to the Q-value distribution. All signal components are modeled as relativistic Breit-Wigner functions [33] including Blatt-Weisskopf form factors [34] with a radius of 4 GeV −1 . The orbital angular momentum The fits to the data sample are shown in Fig. 2 and the resulting parameters of interest are summarized in Table 1 . The fit results are also used to determine mass differences and isospin splittings (given below). The two new peaks in Λ 0 b π − and Λ 0 b π + distributions have local statistical significances of 12.7σ and 12.6σ, respectively, based on the differences in log-likelihood between a fit with zero signal and the nominal fit.
Several sources of systematic uncertainty are considered. The dominant source of systematic uncertainty on the mass measurements comes from the knowledge of the momentum scale. This uncertainty is evaluated by adjusting the momentum scale by the 3 × 10 −4 relative uncertainty from the calibration procedure [18] and rerunning the mass fit. This procedure is also validated using a control sample of approximately 3 million
The momentum-scale uncertainties largely cancel in the mass differences and splittings. A second uncertainty arises from the parameterization of the background and is estimated by varying the function used (e.g. polynomial background functions of different order and other empirical curves). An additional source of uncertainty on the determination of the natural widths arises from known differences in resolution between data and simulation. These are expected to agree within 5%, based on previous studies [8, 10, 36] , and this assumption has been validated with the D * + → D 0 π + control sample. Systematic uncertainties on the widths are assessed by varying the width of the resolution function by ±5%. Further uncertainties on the ± states, fits assuming l = 0, 2, 3 are also performed and the largest changes to the fitted parameters with respect to the nominal fit are assigned as systematic uncertainties. The systematic uncertainties are summarised in Table 2 ; in all cases they are much smaller than the statistical uncertainties. All numerical results for the measured masses and widths are presented in Table 3 baryons are also confirmed and their masses and widths precisely measured. These values are in good agreement with those measured by the CDF collaboration [5] , with precision improved by a factor of 5. We also quote the mass differences and isospin splittings, for which most of the systematic uncertainties cancel. 19.73 ± 0.18 ± 0.01
In the heavy-quark limit, five Σ b (1P ) states are expected. Several predictions of their masses have been made [11, 12, 42, 43] , but some or all of these states may be too wide to be accessible experimentally [42] . Since the expected density of baryon states is high, it cannot be excluded that the new structures seen are the superpositions of more than one (near-)degenerate state. Taking into account that the predicted mass and width depend on the as-yet-unknown spin and parity, the newly observed structures are compatible with being 1P excitations. Other interpretations, such as molecular states, may also be possible [44] . [37] LHCb collaboration, R. Aaij et al., Measurement of the relative rate of prompt χ c0 , χ c1 and χ c2 production at √ s = 7 TeV , JHEP 10 (2013) 115, arXiv:1307.4285.
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